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Introduction {#sec005}
============

Although combination antiretroviral therapy (cART) has substantially improved the prognosis of patients with HIV-1 infection, a large number of patients are still diagnosed with HIV-1 infection at a late stage, often with concurrent opportunistic infections \[[@pone.0138926.ref001]\]. Pneumocystis pneumonia (PCP) is one of the most common opportunistic infections in patients with HIV-1-infection \[[@pone.0138926.ref002],[@pone.0138926.ref003]\], and it is important to provide appropriate management of PCP. The American CDC Guidelines recommend 21 days of adjunctive systemic corticosteroid therapy for moderate-to-severe PCP associated with HIV-1 infection \[defined as PCP with room air alveolar-arterial O~2~ gradient (A-aDO~2~) ≥35 mmHg or partial pressure of atrial oxygen (PaO~2~) \<70 mmHg\] \[[@pone.0138926.ref004]\]. However, corticosteroid therapy may cause deterioration of cell-mediated immunity and enhance the development of other opportunistic infections, especially in those patients with poor immunity \[[@pone.0138926.ref005]--[@pone.0138926.ref008]\]. Moreover, although the American CDC guidelines further categorized moderate-to-severe PCP into two categories; severe (defined as A-aDO~2~ ≥45 mm Hg) and moderate (A-aDO~2~ ≥35 mmHg and \<45 mmHg, or PaO~2~ \<70 mmHg), they recommend the same duration (21 days) of adjunctive steroid therapy for both moderate and severe PCP cases \[[@pone.0138926.ref004]\]. At this point, whether 21 days of concurrent corticosteroid therapy is necessary for moderate-to-severe PCP in HIV-1-infected patients, especially for moderate cases, is unknown.

Based on above background, this study was designed *1)* to elucidate the proportion of HIV-1-infected patients with moderate and severe PCP who fulfilled the criteria for use of adjunctive corticosteroid for 21 days who actually needed corticosteroid use for 21 days from retrospective chart review, and *2)* to investigate the factors associated with shorter (\<21 days) duration of steroid use among such patients. In this retrospective review, the CDC guidelines were not always followed but instead use of adjunctive corticosteroids was modified based on the hospital protocol and treating physician\'s judgment. Thus, this study discussed what has been done in actual clinical practice and was both a discussion of actual clinical practice and patient outcomes.

Patients and Methods {#sec006}
====================

Study design {#sec007}
------------

We performed a single-center retrospective chart review of HIV-1-infected patients using the medical records at the National Center for Global Health and Medicine, Tokyo, Japan \[[@pone.0138926.ref009]\]. The study population was HIV-1-infected patients, aged 18 years and older, who was diagnosed with PCP between January 2004 and December 2012. The diagnosis of PCP was required to fulfill either one of following two criteria; confirmed PCP based on *1)* history of shortness of breath, dyspnea on exertion, and cough; and *2)* histological or cytological evidence of *Pneumocystis jirovecii* in bronchoalveolar lavage fluid, or probable PCP based on *1)* history of shortness of breath, dyspnea on exertion, and cough and *2)* abnormal CT scan findings compatible with PCP, and *3)* initiation of specific anti-pneumocystis therapy \[[@pone.0138926.ref010]\]. Both confirmed and probable PCP cases were required to fulfill the criteria for 21-day use of corticosteroids recommended by the American CDC Guidelines; PaO~2~ on room air breathing of \<70 mmHg or A-aDO~2~ ≥35 mmHg \[[@pone.0138926.ref004]\]. The two exclusion criteria were *1)* patients who were already treated with corticosteroids at the time of diagnosis of PCP, and *2)* patients in whom blood gas analysis was not examined. At our clinic, we have a hospital protocol for the prescription of steroid for PCP with moderate to severe disease: start with 80 mg of prednisolone orally for 3 days, and taper to 40 mg for 3 days, and further taper to 20 mg for three days and discontinue corticosteroid, if a clinical course of the patient goes well, based on the results of follow-up blood gas analysis, chest X-ray, the amount of supplemental oxygen, and oxygen saturation on exertion. However, duration and dosing of adjunctive corticosteroids is based on clinical conditions and varies across individuals. Anti-PCP treatment by use of either sulfamethoxazole/trimethoprim, intravenous pentamidine, or atovaquone was continued for at least 21 days.

The study was approved by the Human Research Ethics Committee of National Center for Global Health and Medicine (G-001616-00). All patients included in this study provided written informed consent for their clinical and laboratory data to be used and published for research purposes. The study was conducted according to the principles expressed in the [Declaration of Helsinki](http://www.wma.net/en/30publications/10policies/b3/index.html).

Measurements {#sec008}
------------

The duration of steroid therapy and total amount of systemic corticosteroid (equivalent to prednisolone) during PCP treatment were collected from the medical charts, in addition to basic demographics (age and sex), date of PCP diagnosis, and cART-experienced or naïve. Laboratory data at PCP diagnosis \[CD4 count, HIV-1 viral load, serum β-D glucan, lactate dehydrogenase (LDH), and C-reactive protein\] were also collected from the medical charts. Patients were followed up for one year, and prognosis by one year after the diagnosis of PCP was collected.

Statistical analysis {#sec009}
--------------------

The variable of primary interest was the duration of systemic corticosteroid therapy during treatment of PCP. The study patients were divided into two groups based on blood gas analysis data; severe disease group (A-aDO~2~ ≥45 mmHg) and moderate disease group (A-aDO~2~ \<45 mmHg) based on American CDC Guidelines \[[@pone.0138926.ref004]\]. Baseline characteristics were compared between the two groups using the Student\'s *t*-test and χ^2^ test (Fisher's exact test) for continuous and categorical variables, respectively. To investigate the factors associated with the duration of corticosteroid use among the severe group, the severe group was subdivided into two groups: patients with long corticosteroid use (\>14 days) and short corticosteroid use (≤14 days), and baseline characteristics were compared between the two groups. All statistical analyses were performed with The Statistical Package for Social Sciences ver. 21.0 (SPSS, Chicago, IL).

Results {#sec010}
=======

A total of 179 patients with HIV-1 infection were diagnosed with PCP during the study period. Of these, 28 patients in whom blood gas analysis was not performed were excluded. Of the remaining 151 patients, 73 patients fulfilled the enrollment criteria, and were included in the data analysis ([Fig 1](#pone.0138926.g001){ref-type="fig"}). Among the study patients (n = 73), the median age was 39 years and 92% of the enrolled patients were males ([Table 1](#pone.0138926.t001){ref-type="table"}). 40 patients (55%) had histological or cytological evidence of PCP, and were regarded as confirmed PCP cases. 97% were treatment-naïve for HIV infection, and the median CD4 cell count was 35/μL and median HIV-1 load was 5.20 log~10~ copies/mL. The median LDH value was 447 U/L (interquartile range 367--590) and the median β-D glucan was 235 pg/mL (interquartile range 134--962). 75% were infected with other opportunistic infections at the diagnosis of PCP.

![Patient enrollment process.](pone.0138926.g001){#pone.0138926.g001}
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###### Baseline characteristics of the study patient.

![](pone.0138926.t001){#pone.0138926.t001g}

  Variables at PCP diagnosis                                                                         Total (n = 73)      Severe PCP (A-aDO~2~ ≥45 mmHg) (n = 51)   Moderate PCP (A-aDO~2~ ≥35 and \<45 mmHg or PaO~2~ \<70 mmHg) (n = 22)   P value
  -------------------------------------------------------------------------------------------------- ------------------- ----------------------------------------- ------------------------------------------------------------------------ ---------
  Age (years)[^†^](#t001fn001){ref-type="table-fn"}                                                  39 (33--48)         39 (34--50)                               37 (30--46)                                                              0.16
  Males, n (%)                                                                                       67 (92%)            46 (90%)                                  21 (95%)                                                                 0.45
  CD4 count (/μL)[^†^](#t001fn001){ref-type="table-fn"}                                              35 (12--66)         35 (12--63)                               41 (14--72)                                                              0.69
  HIV-1 load (log~10~/mL)[^†^](#t001fn001){ref-type="table-fn"}                                      5.20 (4.84--5.73)   5.18 (4.85--5.73)                         5.23 (4.78--5.74)                                                        0.79
  Histologically or cytologically confirmed PCP, n (%)                                               40 (55%)            26 (51%)                                  14 (64%)                                                                 0.44
  Opportunistic infections other than PCP, n (%)                                                     55 (75%)            40 (78%)                                  15 (68%)                                                                 0.35
  Cryptococcosis, n (%)                                                                              2 (3%)              2 (4%)                                    0                                                                        
  Tuberculosis, n (%)                                                                                0                   0                                         0                                                                        
  CMV end-organ diseases, n (%)                                                                      0                   0                                         0                                                                        
  β-D glucan (pg/mL)[^†^](#t001fn001){ref-type="table-fn"} [^¶^](#t001fn002){ref-type="table-fn"}    235 (134--962)      224 (137--816)                            365 (95--1068)                                                           0.24
  PaO~2~ (mmHg)[^†^](#t001fn001){ref-type="table-fn"}                                                68 (58--81)         68 (52--94)                               67 (65--70)                                                              0.12
  AaDO~2~ (mmHg)[^†^](#t001fn001){ref-type="table-fn"}                                               56 (42--86)         69 (53--116)                              40 (35--40)                                                              \<0.001
  LDH (U/L)[^†^](#t001fn001){ref-type="table-fn"}                                                    447 (367--590)      474 (398--685)                            379 (327--460)                                                           \<0.001
  CRP (mg/dl)[^†^](#t001fn001){ref-type="table-fn"}                                                  5.91 (1.86--9.32)   6.37 (2.39--10.50)                        2.79 (1.13--7.82)                                                        0.83
  Total corticosteroid dosage (mg) (prednisolone equivalent)[^†^](#t001fn001){ref-type="table-fn"}   405 (315--1136)     570 (345--4170)                           315(184--361)                                                            \<0.001
  Duration of corticosteroid therapy (days)[^†^](#t001fn001){ref-type="table-fn"}                    13 (9--21)          15 (11--24)                               9 (9--13)                                                                \<0.001
  cART naïve, n (%)                                                                                  71 (97%)            49 (96%)                                  22 (100%)                                                                0.35

^†^median (interquartile range)

^¶^The value for βD glucan is missing for one patient

HIV: human immunodeficiency virus, CMV: cytomegarlovirus, PaO~2~: partial pressure of oxygen in arterial blood, A-aDO~2~: alveolar-arterial oxygen difference, LDH: lactate dehydrogenase, CRP: C-reactive protein, PCP: pneumocystis pneumonia, cART: combination antiretroviral therapy.

The median duration of corticosteroid use was 13 days (IQR 9--21 days) and total dosage of corticosteroid was 405 mg (IQR 315--1133 mg) with prednisolone equivalent. Whereas 19 (26%) patients were treated with systemic corticosteroids for ≥21 days, 43 (59%) patients used corticosteroids for \<15 days, 22 (30%) for \<10 days, and 7 patients were not treated with systemic corticosteroids at all. The baseline A-aDO~2~ was ≥45 mm Hg in 51 (70%) patients and were thus categorized as the severe group, whereas 22 (30%) formed the moderate group ([Table 1](#pone.0138926.t001){ref-type="table"}). The median duration of corticosteroid therapy was 15 days (IQR 11--24 days) for the severe group and 9 days (IQR 9--13 days) for the moderate group. The median total dosage of corticosteroids equivalent as prednisolone was 570 mg (IQR 345--4170 mg) for the severe group and 315 mg (IQR 184--361) for the moderate group. Among the 51 patients of the severe group, 18 (35%) were treated with corticosteroids for ≥21 days. On the other hand, only 2 (9%) patients of the moderate group were treated with corticosteroids for more than 14 days. The severe group had higher baseline LDH value compared with the moderate group (474 versus 379 U/L, p\<0.001). However, the CD4 count and HIV load were not different between the two groups (CD4 count: 35 versus 41 /μL, p = 0.69; HIV load: 5.18 versus 5.23 log~10~/mL, respectively, p = 0.79). 26 (51%) of the severe group were with confirmed diagnosis with histological or cytological evidence, whereas 14 (64%) of the moderate group were with confirmed diagnosis, although the difference was not significant (p = 0.44). Some patients, particularly among those in the severe group, could not undergo bronchoscopy for histological evidence of PCP due to severe respiratory failures. [Table 2](#pone.0138926.t002){ref-type="table"} shows the baseline characteristics of the patients with severe PCP, after subdivision into the two groups based on the duration of corticosteroid therapy; those who required \>14 days of corticosteroid therapy (the long corticosteroid group) and those who required ≤14 days (the short corticosteroid group). Patients in the long corticosteroid group had significantly lower CD4 counts (26 versus 54 /μL p = 0.049) and marginally higher LDH (478 versus 379 U/L p = 0.06) than those in the short corticosteroid group. The A-aDO~2~ and PaO~2~ values were not different between the two groups (A-aDO~2~: 71 versus 68 mmHg, p = 0.20; PaO~2~: 68 versus 69 mmHg, p = 0.24).

10.1371/journal.pone.0138926.t002

###### Baseline characteristics of severe pneumocystis pneumonia patients according to the duration of corticosteroid therapy.

![](pone.0138926.t002){#pone.0138926.t002g}

  Variables at PCP diagnosis                                                                         Corticosteroids ≤14 days (n = 23)   Corticosteroids \>14 days (n = 28)   P value
  -------------------------------------------------------------------------------------------------- ----------------------------------- ------------------------------------ ---------
  Age (years)[^†^](#t002fn001){ref-type="table-fn"}                                                  37 (32--47)                         42 (35--55)                          0.22
  Males, n (%)                                                                                       29 (91%)                            25 (89%)                             0.81
  CD4 count (/μL)[^†^](#t002fn001){ref-type="table-fn"}                                              54 (15--117)                        26 (12--48)                          0.049
  HIV-1 load (log~10~/mL)[^†^](#t002fn001){ref-type="table-fn"}                                      5.15 (4.85--5.68)                   5.23 (4.85--5.82)                    0.61
  Opportunistic infections other than PCP, n (%)                                                     17 (70%)                            21 (75%)                             0.67
  Cryptococcosis, n (%)                                                                              1 (4%)                              1 (4%)                               
  Tuberculosis, n (%)                                                                                0                                   0                                    
  CMV end-organ diseases, n (%)                                                                      0                                   0                                    
  β-D glucan (pg/mL)[^†^](#t002fn001){ref-type="table-fn"}                                           240 (133--854)                      221 (141--829)                       0.84
  PaO~2~ (mmHg)[^†^](#t002fn001){ref-type="table-fn"}                                                69 (55--116)                        68 (48--82)                          0.24
  AaDO~2~ (mmHg)[^†^](#t002fn001){ref-type="table-fn"}                                               68 (53--101)                        71 (56--139)                         0.20
  LDH (U/L)[^†^](#t002fn001){ref-type="table-fn"}                                                    379 (327--460)                      478 (426--663)                       0.06
  CRP (mg/dl)[^†^](#t002fn001){ref-type="table-fn"}                                                  5.91 (1.31--11.0)                   6.67 (2.86--10.07)                   0.76
  Total corticosteroid dosage (mg) (prednisolone equivalent)[^†^](#t002fn001){ref-type="table-fn"}   345(315--420)                       1133 (572--4106)                     0.08
  Duration of corticosteroid therapy (days)[^†^](#t002fn001){ref-type="table-fn"}                    10 (10--12)                         23 (18--37)                          \<0.001

^†^median (interquartile range)

HIV: human immunodeficiency virus, CMV: cytomegarlovirus, PaO~2~: partial pressure of oxygen in arterial blood, A-aDO~2~: alveolar-arterial oxygen difference, LDH: lactate dehydrogenase, CRP: C-reactive protein, PCP: pneumocystis pneumonia.

With regard to prognosis of the study patients, among the moderate group two patients developed cryptococcosis and two developed tuberculosis within one year after the diagnosis of PCP. Among the severe group, one patient each developed cryptococcosis, cytomegalovirus retinitis, and cytomegalovirus colitis. All study patients were hospitalized and four patients out of 73 died with the mortality rate of 5%. All four patients who died were categorized into the severe disease and required more than 21 days of steroid, except for one patient who died on day 22, who discontinued steroid on day 19 due to his critical condition. Two (3%) patients were intubated and both of them died. One of them was intubated on day 14 due to aggravation of respiratory status and died on day 32. The other was intubated on day 12 due to worsening of respiratory failure and died on day 22. With regard to patients who died without intubation, one patient experienced multiple episodes of pneumothorax after admission (on day 19 and 59) and died on 62th hospital day because of respiratory failure. The other patient was diagnosed of cryptococcosis and cytomegalovirus colitis after diagnosis of PCP and the general condition of the patient gradually deteriorated and died on day 284. The prognosis of 7 patients who did not initiate steroid was favorable, as none died or intubated and were discharged.

Discussion {#sec011}
==========

This single-center study described the length of systemic corticosteroid therapy in PCP patients with HIV-1 infection who fulfilled the criteria of the American CDC guidelines for systemic corticosteroid therapy of 21-days. The median duration of corticosteroid therapy of the study patients was 13 days (IQR 9--21); corticosteroid therapy was discontinued in \<15 days in 59% of the patients, and even within 9 days in 30% of the patients. Of the moderate group (A-aDO~2~ \<45 mmHg), the median duration of corticosteroid therapy was only 9 days (IQR 9--13), and corticosteroid was discontinued within 14 days in 91% of the patients. On the other hand, patients of the severe group (A-aDO~2~ ≥45 mm Hg) required longer duration of corticosteroid therapy, as 55% required corticosteroids for \>14 days and 31% required corticosteroids for \>21 days. When we further categorized patients of the severe group into the two groups \[long corticosteroid use (\>14 days) and short corticosteroid use (≤14 days)\], short corticosteroid therapy was associated with significantly higher CD4 count, and marginally associated with lower LDH value. The results of the present study might suggest that systemic corticosteroid therapy could be discontinued within 14 days in the majority of HIV-infected PCP with moderate-to-severe disease, rather than 21 days, and most (90% in this study) PCP with moderate severity could discontinue corticosteroid within 14 days. A large-scale prospective study, desirably randomized controlled trial that compares shorter versus longer courses of adjunctive corticosteroids in patients with moderate to severe disease, is warranted to confirm the results of the present study.

To our knowledge, this is the first study that investigated the duration of systemic corticosteroid therapy in moderate-to-severe PCP patients with HIV infection in the cART era under the observational setting. It is evident that short-term corticosteroid therapy is desirable in order to avoid various side effects of systemic steroids \[[@pone.0138926.ref008],[@pone.0138926.ref011]\]. In this regard, one important finding of the present study is that systemic corticosteroid therapy for only 14 days was clinically effective in the majority of moderate-to-severe PCP and most moderate PCP patients.

A few randomized trials have demonstrated the benefits of corticosteroids during treatment of PCP patients with HIV infection, especially in patients with moderate-to-severe abnormalities in oxygen exchange at the time of presentation \[[@pone.0138926.ref012]--[@pone.0138926.ref014]\]. These trials were cited as evidence in the current guidelines, which recommend the 21-day of adjunctive corticosteroid use for HIV-1-infected moderate-to-severe PCP \[[@pone.0138926.ref004]\]. What is the underlying mechanism of the beneficial effects of corticosteroid therapy in PCP? Patients with PCP typically show clinical worsening after two to three days of therapy, presumably due to increased inflammation in response to dying organisms \[[@pone.0138926.ref015]\]. It is speculated that corticosteroid could alleviate this response and thus improved prognosis. In one study that failed to demonstrate the benefits of adjunctive corticosteroid, corticosteroid therapy commenced only when the criteria for respiratory deterioration were met during PCP treatment, and this was not necessarily at the beginning of the treatment \[[@pone.0138926.ref015]\]. This finding might support our hypothesis that starting corticosteroid therapy at the beginning of treatment of PCP patients with HIV-1 infection is particularly important, and that continuation of such treatment for 21 days is not necessary for all patients with moderate-to-severe PCP. Furthermore, two small randomized trials showed that 7 to 10 days of adjunctive corticosteroid started within 24--72 hours of the first dose of antimicrobial therapy reduced short-term mortality in PCP patients with HIV infection \[[@pone.0138926.ref013],[@pone.0138926.ref016]\]. Based on the findings of the above previous studies, it is important to use corticosteroids as early as possible and certainly within 72 hours after the start of treatment for PCP therapy.

Apart from the treatment, it is also noteworthy that 97% of the patients with moderate to severe PCP in this study were treatment-naïve for HIV infection, suggesting that the admitting physician needs to maintain a high index of clinical suspicion for PCP at the time of presentation, especially if there is no previously known history of HIV infection.

The present study has several limitations. First, the number of enrolled patients was small, and some results of the present study, such as comparison of patients with severe PCP who were treated with corticosteroids for ≤14 days and \>14 days, need to be interpreted with caution. Second, the study was retrospective in nature and the duration of corticosteroid was at the discretion of the treating physicians. Also, it is important to note that some patients with severe PCP required corticosteroid therapy for ≥21 days (26% of the study patients were actually treated with corticosteroids for ≥21 days), although the corticosteroid was discontinued within 14 days in the majority of moderate-to-severe PCP and most moderate PCP. Third, the study patients included clinically-diagnosed (probable) PCP cases without histological or cytological evidence. However, all probable cases underwent chest CT and serum β-D glucan, both of which have high diagnostic value for PCP \[[@pone.0138926.ref002],[@pone.0138926.ref017]\], presented with symptoms compatible with PCP, and responded clinically after specific anti-PCP treatment, such as sulfamethoxazole/trimethoprim, intravenous pentamidine, and atovaquone. Other agents, such as broad-spectrum antimicrobials, were not used for any probable cases. Furthermore, many major papers, including ACTG clinical trials, in the field of HIV-infected PCP included both histologically or cytologically confirmed cases and clinically-diagnosed (probable) cases \[[@pone.0138926.ref010]\]. It is also noteworthy that, in clinical practice, some PCP cases with severe respiratory failure cannot undergo bronchoalveolar lavage, and if such cases were excluded from the analysis, the results would not reflect the actual data gained from the observational settings.

In conclusion, the present study suggested that adjunctive corticosteroid therapy for only 14 days or less was clinically effective in 60% of HIV patients with moderate-to-severe PCP and 90% of moderate cases who fulfilled the criteria for use of corticosteroids for 21 days. Because short-term corticosteroid therapy is desirable in order to avoid various side effects of systemic corticosteroid, it is important to note that the majority of such patients can discontinue corticosteroid within 14 days.
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